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MinireviewTaking the Study of Cancer Cell
Survival to a New Dimension
Normal tissues use the BM, which is constructed collab-
oratively by epithelial and stromal cells, for a variety of
functions; many more may be revealed in the future. By
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functioning as a semipermeable barrier between these3 Whitehead Institute for Biomedical Research
two cell types, it represents an impediment to the freeMassachusetts Institute of Technology
passage from one side to the other of certain biologicallyCambridge, Massachusetts 02142
active molecules such as growth factors. The BM repre-
sents a depot in which a variety of growth factors are
stored; these may be released by the actions of certainApoptosis plays a key role in the development of can-
extracellular proteases and, once mobilized, elicit spe-cer and the response of tumor cells to therapeutic
cific mitogenic and/or survival responses. Finally, manyintervention. Recent work using three-dimensional
types of epithelial cells require continuous tethering tocell culture models underscores the importance of the
the BM in order to survive (Frisch and Screaton, 2001).interactions between epithelial cells–both normal and
In pathological states such as wounding, inflamma-malignant–and the extracellular matrix that surrounds
tion, and tumorigenesis, the normal functioning of thethem in informing life and death decisions. Research
ECM may be profoundly perturbed. For example, manyin this area is beginning to define the oncogenic path-
primary tumors secrete various ECM components inways that can interfere with this process and the bio-
abundance, thereby altering the makeup of the cells’chemical pathways that transmit signals from proper
immediate environment. Moreover, the extracellularcell-matrix interactions to promote cell survival.
proteases that are present in increased amounts in ag-
gressively growing tumor masses (many produced byTwo papers appearing recently in Cell and Cancer Cell
recruited inflammatory cells) selectively degrade com-have begun to address a longstanding and embar-
ponents of the BM, thereby mobilizing sequestered fac-rassing gap in our understanding of cancer pathogene-
tors and, quite possibly, permeabilizing the BM in asis. Two decades of research have revealed in great
way that allows the free passage of molecules whosedetail many of the biochemical and cell biological effects
exchange was previously blocked (MacDougall and Ma-of oncogenes and tumor suppressor genes (Hanahan
trisian, 1995). A more complete degradation of the BMand Weinberg, 2000). At the same time, over the past
is seen in invasive carcinomas.decade, a wealth of information on the tissue-wide and
Drawing on previous studies that laid the groundworkorganismal effects of mutant alleles of these genes has
for the use and manipulation of mammary epithelial cellsbeen obtained through the study of genetically altered
in 3D culture (Peterson et al., 1992; Weaver et al., 1997;mice (Jackson-Grusby, 2002). Standing between and
Muthuswamy et al., 2001), Weaver et al. and Debnathconnecting these two areas of research are the mecha-
et al. focus on the dependence that normal and malig-nisms that determine how these and other cancer genes
nant cells have on tethering to the BM and the conse-perturb the biological interactions of individual cells with
quences of the ensuing structures on cell survival. It hastheir immediate surroundings. These surroundings are
been known for some time that depriving epithelial cellsdefined by the omnipresent extracellular matrix (ECM)
of attachment to a substratum leads to anoikis–a typeand by neighboring cells. From the perspective of cancer
of apoptosis that is provoked specifically by the loss of
biology, research on these important mechanisms is still
anchorage (Frisch and Screaton, 2001). Likewise, the
in its infancy.
establishment of proper contacts with the BM is a key
The papers in question by Weaver et al. (2002) and signal for many cells to remain alive in the formation
by Debnath et al. (2002) represent important steps in this and maintenance of epithelial structures. In the model
long-overdue bridging. They deal with how mammary of Debnath et al., a line of immortalized human MECs
epithelial cells (MECs)–a frequently used experimental is cultured in suspension within a matrix rich in BM
model–tether to the basement membrane to form orga- constituents. The MECs respond by forming balls of
nized three-dimensional (3D) structures and how this cells, the outermost layer of which soon forms a polar-
association, in turn, profoundly affects their biology (Bis- ized epithelium, with basal surface associating with the
sell and Radisky, 2001). The resulting alterations in cell surrounding BM proteins and the apical surface pointing
behavior have effects on the survival of these cells as inward. With the passage of time, the cells in the interior
well as their responsiveness to toxic agents, including of these spheres, which lack attachment to the BM,
those used in anticancer therapy (see Figure 1). are eliminated by apoptosis as well as by nonapoptotic
The basement membrane (BM) is a specialized form death mechanisms. This model seems to recapitulate
of the ECM that is found in several forms throughout the steps by which a mammary duct is created, which
the body. In epithelial tissues, a major BM separates depend upon the hollowing-out of solid cylinders of epi-
the epithelial cell population from the mixture of mesen- thelial cells in order to form a lumen.
chymal cell types that is collectively termed the stroma. The development of these luminal structures bears
This BM is a key player both in the maintenance of directly on the early steps of the multistep process that
normal tissue architecture and in tumor development. leads to mammary carcinomas. One of the earliest mani-
festations of disease is the accumulation of multiple
(rather than single) epithelial cell layers lining the wall4 Correspondence: tjacks@mit.edu
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Figure 1. Studying Cancer Cell Behavior in
Three-Dimensional Culture Systems
Three-dimensional (3D) cell culture systems
have been used to study the functional inter-
actions between epithelial cells and the extra-
cellular matrix (ECM). The establishment of
apicobasal polarity in such models promotes
cell survival in response to various apoptotic
stimuli, and the absence of interactions with
the ECM induces apoptosis of cells in the
interior of the 3D structures and lumen for-
mation. Perturbation of proliferation and
survival signals can lead to loss of lumen for-
mation, an early event in epithelial carcino-
genesis. See text for details.
of a mammary duct and subsequently by the filling of 4 subunits to the laminin found in the BM. Attachment
to other components of the BM seems to be unimpor-the luminal space of such a duct by dysplastic epithelial
cells (Harris et al., 1999). In principle, excessive cell tant, as did tethering mediated by other integrin sub-
units. Proper attachment enables these cells to gainnumbers can result from increased proliferation, de-
creased apoptosis, or both. Through the introduction of apical-basal polarity to form hemi-desmosomes (sites
of attachment to the ECM) to assemble ordered cy-antiapoptotic genes, Debnath et al. demonstrated that
inhibition of apoptosis alone was insufficient to block toskeletons and, perhaps most important, to resist all
manner of proapoptotic stimuli including those con-lumen formation (although it did delay it). Moreover,
enhanced proliferation in response to the addition of veyed by factors such as TRAIL, FAS, and TNF, as well
as the chemotherapeutic agent etoposide. The acquiredthe cyclin D1 or the human papillomavirus E7 oncogenes
was offset by increased apoptosis, and lumen formation resistance to apoptosis depends, at least in part, on
the actions of the NF-B transcription factor, which iswas preserved. Only when these mitogenic and antiapo-
ptotic signals were combined did cells accumulate effi- activated in this system in a fashion dependent on the
binding of the 4 integrin to laminin.ciently and block lumen formation. Interestingly, an acti-
vated form of the ErbB2 (Her2/neu) oncogene, which is Importantly, these antiapoptotic effects are seen with
both proliferating and nonproliferating MECs and applyamplified in approximately 30% of human breast can-
cers (Slamon et al., 1987), was able to both induce prolif- to both untransformed and transformed MECs. This sug-
gests one of the many ways by which tumor cells caneration and suppress apoptosis, leading to the formation
of filled lumina on its own. enhance their antiapoptotic state. By expressing 4 in-
tegrin subunits and, at the same time, copious amountsThe notion that cellular transformation and tumor pro-
gression involve the cooperative effects of proliferative of BM, such cells energize their antiapoptotic machinery
and thereby acquire resistance to some otherwise effec-signaling pathways and antiapoptotic pathways has
been well studied in standard monolayer culture and in tive anticancer therapeutic drugs. Clinical data is con-
sistent with an important role for these processes insome in vivo models (Evan et al., 1992; Lowe et al., 1994;
Symonds et al., 1994). However, the 3D culture system determining responses to antitumor chemotherapies
(Tagliabue et al., 1998). Moreover, the prosurvival func-has the distinct advantage that it takes into account
physiologically relevant interactions while still being tion of this integrin-ECM interaction may help explain
why certain tumor types home to particular tissues dur-amenable to facile genetic manipulation and biochemi-
cal analysis. ing metastatic spread. By finding a new home where
these interactions are maximized, the tumor cells moreThe research described in the paper of Weaver et al.
describes a related theme. However, here the establish- effectively ensure their own survival.
Research in the postgenomic era is providing cancerment of proper polarized structures is shown to promote
cell survival in response to externally applied agents biologists with an unprecedented number of genes and
pathways that are implicated in disease initiation andthat induce apoptosis. These authors employ similar 3D
culture models, using both normal and malignant MECs. progression. Sorting through this complexity is a major
challenge for the field. While in vivo models have theThe tethering of these cells to ECM, specifically to a
BM-like substrate, is mediated in large part by integrin advantage of physiological relevance, they are limited
in throughput and often difficult to dissect biochemi-receptors, which enable attachment of MECs via 6 and
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cally. 3D culture systems, as exemplified by the work
of Debnath, Weaver, and colleagues, offer a powerful
alternative way of screening large numbers of genes
and associated processes in a setting that takes into
account the critical interaction of cells with their neigh-
bors and with their environment. Research in this arena
begins to build the long-needed bridge between intra-
cellular signaling biochemistry and the changes in tissue
morphology that are observed as cells advance progres-
sively down the road toward malignancy. Suddenly, the
study of cancer cells in two dimensions seems quaint,
if not archaic.
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